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(54) Defined serumfree medical solution for ophthalmology 



(57) A defined serurnfree medical solution for appli- 
cations in Ophthalmology, that contains one or more cell 
nutrient supplements, and a growth factor(s) which 
maintains and enhances the preservation of eye tis- 
sues, including human corneal, retinal and corneal epi- 
thelial tissues at low to physiological temperatures (2°C 
to 38°C). This solution is composed of a defined aque- 
ous nutrient and electrolyte solution, supplemented with 



aglycosaminoglycan(s),adeturgescentagent(s),an en- 
ergy source(s), a buffer system(s),an antioxidanf(s), 
membrane stabilizing agents, an antibiotic(s) and/or 
timycotic agent(s), ATP or energy precursors, nutrient 
cell supplements, coenzymes and enzyme suppii 
ments, nucleotide precursors, hormonal supplements, 
non-essential amino acids, trace minerals, trace ele- 
ments and a growth factor(s). 
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Description 

CROSS REFERENCES TO CO-PENDING APPLICATIONS 

s [0001] None 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention - The present invention relates to the preservation of eye tissue in a defined se- 
■ o rumfree medical solution, and more particularly, relates to the preservation and enhancement of numan corneal tissue, 
specified as the time between removal from the donor and transplantation, 

[0003] 2. Description of the Prior Art - Keratoplasty, or the transplantation of the cornea, has been effective in 
providing visual rehabilitation to many who suffer from corneal disorders. This procedure has been severely hampcrc-d 
by the universally inconsistent availability of donor tissue. The use of 4°C corneal storage medium containing chop- 
's droitin sulfate has positively impacted the availability of quality donor tissue. In the United States 95% of all corneas 
transplanted are stored in a 4 3 C chondroitin sulfate containing medium for up to seven days. After 96 hours of pres- 
ervation the cornea is attended by epithelial decomposition and loss of corneal clarity, as demonstrated by increased 
swelling of the corneal stroma. The stromal edema is attributed to both the decreased maintenance of the barrier pump 
function of the corneal endothelium and barrier function of the corneal epithelium. 
20 [0004] An alternative to 4°C corneal storage is the use of organ culture. In this method of corneal presentation, the 
cornea is maintained at higher temperatures (31"C-37°C) allowing greater metabolic activity of the cornea. The use 
of organ cultured corneas is mainly supported in Europe. The organ culture system utilizes fetal bovine as a major 
medium component. Mounting concerns over TSEs (Transmissble Spongiform Encephalopathies) stemming from Bo- 
vine Spongiform Encephalophy (BSE) outbreaks, have focused much emphasis on animal derived products and their 
zs use in corneal preservation. The replacement of serum components in corneal preservation is a formidable challenge, 
based on ever 350 known chemical components found in serum. 

[0005] The elevated temperature (31°C-37°C) of the organ culture technique increases the metabolic rate of the 
cornea as compared to corneas stored at 4°C. The corneal storage medium must provide an environment similar to 
the in vivo situation. A serumfree corneal preservation medium must be completely defined as to supplement the 

30 components normally found in serum. A critical evaluation of physiologic parameters such as ionic and amino acid 
composition, bicarbonate equilibrium, available energy sources, dissolved oxygen levels, nutrient cell supplements, 
coenzymes and enzyme supplements, nucleotide precursors, hormonal supplements, trace minerals, trace elements, 
growth factors, osmolality and pH should be observed with respect to each preservation medium. Parameters for 
extended serumfree organ culture preservation should be defined as to the reversibility of cell damage incurred during 

55 storage. 

[0006] Aduii corneal endothelium have a limited regenerative capacity and mitotic figures have been rarely observed 
in vivo; human corneal endothelium in vivo normally responds to trauma by sliding into the wounded area by cell 
migration. However, in vivo endothelial cell mitosis has been demonstrated in rabbit, bovine and human endothelium. 
Autoradiographic thymidine uptake studies after cryowounding or mechanical wounding of corneas in vitro has dem- 
-o onst-ated existence of mitotic figures in the endothelial monolayer. These studies were all conducted in the presence 
of serum. Surgical trauma and disease can accelerate the loss of endothelial cells and further compromise the cornea. 
Thus, the long term preservation and enhancement of the corneal endothelium is a very important aspect of eye bank 
storage of eye tissue. 

[0007] An overview of the issues surrounding the storage and handling of corneal tissue is found in Corneal Surgery 
-5 chapters 1-4. pages 1-128 edited by Federick S. Brightbiil, M.D., published by C.V. Mcsby Company, St. Louis. MO, 
1 986. A variety of storage media and techniques have been proposed, and current research continues to be directed 
towards maintaining and actually enhancing the quality of the donor tissues, and increasing the duration of storage of 
cornea! tissues, as defined as the time between excision from a donor and transplantation. Currently, there are no 
defined serumfree media used in organ culture techniques at 31°C-38°C. 
so [0008] Accordingly, the present inventions directed towards materials and methods of enhancing ocular tissues, 
especially cornea! tissues, during storage prior to transplantation. One aspect of the invention provides for the en- 
hancement of corneal tissue viability by providing a completely defined serumfree medium that maintains normal phys- 
iologic metabolism, and maintains corneal tissue equal to medium that contains serum. 

05 SUMMARY OF THE INVENTION 

[0009] Organ culture corneal storage at 31 °C-37°C should provide tissue preservation which is capable of sustaining 
the functional status of the endothelium. Experimental work has demonstrated that the defined serumfree medicai 
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SCiu'or 3 ' _ ill f i L* ; , 

storage in serum containing solutions are avoided, The present invention has defined those components that are 
c jess? -: r -Tain corneal tissues during organ su lure. The present invention further defines a nutritive solution 
iJ ii- i - ,i i- ! - ii | -n[ a i ^ an energy source(s), a buffer system 

is;. an antioxidant^;', n-ombrane n' i i agents, an antibiotics) n antimycotic agentis;, AT 3 or energy precur- 

ii I i i r t _ pi ?, nucleotide precursors, h monal :t 

non-essentiai amino acids, trace minerals, trace elements and a growth factor(s) that enhance cell metabolism, wound 
healing an II i I ,- I h n -g t" DNA synthesis; whether or not a cell pro- 

ceeds with DNA synthesis or is arrested in the earl y stage or I ndenfuoon I conditions. 

Cellular metabolism can be enm "ceo L i nttt ma n mponentsb lcrsasing hexose transport, 

protein synthesis, amino acid and ion transport. 

[0010] The novel defined nutrient cent: n i_ - i - .enr u . n -p solutions are able to be used as human 

corneal preservation solutions, that maintain human corneas equal to solutions containing serum. While serum-sup- 
plemented solutions can stimulate mitosis in human corneal cells in tissue culture, the presence of serum in products 
for use with tissues for human transplantation presents many disadvantages. Serum can be an agent for the transmis- 
sion of many diseases, such as viral diseases, most notably TSEs (Transmissible Spongiform Encephalopathies). Non- 
human-derived serum contains many substances capable of eliciting an immune response, and all sera contain some 
substances such as endotoxins, and growth factors that actually retard cell mitosis. Corneal preservation solutions are 
well known. Commercially available serumfree corneal storage media for 4°C preservation consist of Optisol and Op- 
tisol-GS are available from Bausch and Lomb, Surgical (Irvine, CA). These medium were developed by D.L. Skelnik, 
B.S., and R.L Lindstrom, M.D. Commercially available serum containing medium for organ culture are available from 
Opsia (France). No serumfree media for organ culture are available or in current use. 

[0011] Nutrient and electrolyte solutions are well defined in the art of tissue culturing. Such solutions contain the 
essential nutrients and electrolytes at minimal concentrations necessary for cell maintenance and cell growth. The 
actual compositions of the solutions may vary greatly. In general, they contain inorganic salts, such as calcium mag- 
nesium, iron, sodium and potassium salts of carbonates, nitrates, phosphates, chloride, and the like, essential and 
non-essential amino acids and other essential nutrients. Chemically defined basal nutrient media are available, for 
sSXartple.Trom Gibco BRL (Grand Island, NY) and Sigma (St. Louis, MO) under the names Minimal Essential Medium 
and TCT99. Corneal storage solutions have been adapted from these nutrient media. The defined serumfreS medical 
solution base of the present invention is composed of components found in both MEM and TC199 supplemented with 
glycosaminoglycan{s), a deturgescent agent(s), an energy source(s), a buffer system(s),an antioxidant(s), membrane 
stabilizing agents, an antibiotic(s) and/or antimycotic agent(s), ATP or energy precursors, nutrient ceil supplements, 
coenzymes and enzyme supplements, nucleotide precursors, hormonal supplements, non-essential amino acids, trace 
minerals, trace elements and a growth factor(s). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00 U] h i > -as of the present invention and many of the attendant advantages of the present invention will be 
readily appreciated as the same becomes better understood by reference to the following detailed description when 
considered in connection with the accompanying drawings, in which like reference numerals d » - >i 

throughout the figures thereof and wherein: 

[0013] FIG. 1 - The Effects of Serum and Serumfree Media on Human Corneal Endothelial Ceils. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[001 4] FIG. 1 - Preferred defined serumfree medical solutions for use in the composition and methods of this invention 
contain an aqueous nutrient and electrolyte solution (e.g. Minimal Essential Medium and/or TC199 medium; a giy- 
cosaminoglycan (e.g. chondroitin su am I 1 ~- n i*t- I j i i 

hyaluronic acid) in the range of .001 mg/ml to 1.0 gram/ml; a deturgescent agent (e.g. dextran, dextran sulfate, hy- 
J c vi tq i h | | ,! , in f- i | r I r ir i hi ydrox- 

ethyl cellulose, de si i i n r r - r I j/ source 

(glucose, pyruvate, su r e, fructos t nMiolOmM buffer s\bten i° a *odium 

i ui- t j <- _ n h h - '~E"-E„ ~ i i -r t - nf 1 to 1 0 mM 

1 mt a i _-i in i k n _ ^ opherc alpha-tocop rcl ac tat~ al 

1 1 - nd'or seieniumjin a rang uM to r mbi i z ne 

g /rtamin/s /itarnm B retinoic acid trans-retin: c a: a rat -d acetate ethanolamine phosphoethanolamine. trans- 
ferrin, lecithin, B-sitosteio "d or l - a »- :-ge af i I n h _t 1 
or anti'n, - j emsr sin, kanamycin, neomycin, vancomycin, tobramycin, dindar, c n streptomycin, ievo- 
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precursors (e g adenosre nosine, adenine, flavin adenine cinucieotide undine S'-tnphosphate Na, 5' rnethylcytosine, 
S-NAD and/or S-NADP Na) in the -ange of ,0C rrM to " 0 ir VI; n^r'ent cell supplements (e.g. aiynyi-glutamne clycy'- 
glulamine, L-amino-n-butync acid L-arginine D-cic n le^-e -iC\ Z-corn tne t I ;-c! ca ctene cho ec: :■! L 
5 cystine L- ve ; L--_ n-i r - in D I h i j ~n - Z-zlu >\ , - _-n,_ l l - 'i -> Is 

thn 1 I tie _ ine, L-proline, L-ser r ir I. menadione, niac icotini 4cic p-amino ben- 

zoic Did l-i r n-- L I |, r , yn me hC! taun th - anthi t 1 - amin 

B12) in a range ut o; fir' i _ r - i i i I iti i 

coenzyme A, coenzyme Q1C ■si . -, >-i,_ ., >_- i in a range of .001 uM to 10 mM; nucleotide precursors (e.g. 2' 
'o deoxyaden-, , i -1-_L_j j lanosine, 2-deoxy-D-ribose and/or D-nbose) in a range of 001 uM 

to 1 0 mM; hormonal supplerren F-estrad'cl, ci t t . u I i r n i i 

roid stimulate i i r i- -n h , i 1 03 ml to .1 00 mg/m non-essential amino acids (e.g. L- 

il i ^ I it - - J ' i i j i 1 v ne, L- proline and/or L-serine) in the range of .001 ug/ml 

to 100 mg/ml; trace minerals and trace elements (e.g. CuS0 4 5H 2 0, ZnS0 4 7H 2 0, Selenite Na, Ferric citrate, MnS0 4 
?5 H,0, NaSI0 3 9H 2 0, molybdic acid, NH 4 V0 3 , NiS0 4 6H s O, SnCi 2 , AgN0 3 , Ba(C 2 H 3 02) 2 , KBr, CdCI 2> CoCI 2 , CrC\ 3 , 
N T " 1 _ " i _ - I i r i - hi 1 1' 1 il 1 tt ( mi 1 1 , 1 

binant, human recombinant or natural);(PDGF-BB, PDGF-AA, Nerve growth factor, Nerve growth factor, Stem cell 
factor T 1 . ning irowth factor-a, Transforming growth factor-B, Vascular endothelial growth factor, B-endothel « : 
cell growth factor, Epidermal growth factor, Epithelial neutrophil activating peptide, Heparin binding EGF-like growth 
20 factor, Fibroblastic growth factor-acidic, Fibroblastic growth factor-basic, IGF-I, IGF-II, Keratinocyte growth factor, 
Platelet-derived endothelial cell growth factor, Insulin) in the range of .001 pg/ml to. 100 mg/ml. 
[0015] The serumfree medical solution of this invention is composed of a defined aqueous nutrient and electrolyte 
solution, supplemented with a glycosaminogiycan(s),a deturgescent agent(s), an energy source(s) -urfer s jm 
(s),an o> < i'.(s) membrane stabilizing agents, an antibiotic(s) and/or antimycotic agent(s), ATP or energy precur- 
ss sors, nutrient cell supplements, coenzymes and enzyme supplements, nucleotide precursors, hormonal supplements, 
non-essential amino acids, trace minerals, trace elements and a growth facfor(s) in the amounts sufficient to enhance 
cell metabolism, cell viability and wound healing following organ culture storage. The excised corneas are aseptically 
transferred to containers of the corneal storage solution, which are then sealed. For storage these corneas are stored 
at (2°C to 38°C) optimally at 31°C-37°C). These corneas are stored for up to 28 days, changing the medium at day 
: :;sff::;. '.'ICAt the time of transplantation the corneas are thinned down with solution containing a deturgescent agent. At the: 
time of transplantation, normal corneal deturgescence is maintained intraoperatively and postoperatively. Endothelial 
rri^'lwBbrt and metabolism is maintained, permitting permanent hydration of the cornea, and thus constant thickness and 
transparency post operatively. In addition to providing a viable cornea for transplantation, wound healing is potentiated. 
Various modifications can be made to the present invention without departing from the apparent scope thereof. For 
35 instance, the serumfree medical solution can be used in any medical application, and is not strictly limited to ophthal- 
mology. The invention is further illustrated by the following examples, which is not intended to be limiting, not strictly 
limited to ophthalmology. The invention is further illustrated by the following examples, which is not intended to be 
limiting. 

40 MODE OF OPERATION 

[0016] Organ : it ation should provide - - aL i_ im i JU u nonal iatus of 

the corneal endothelium. Each of the components listed in Appendix ! were tested in ceil culture models with human 
corneal endothelium, human corneal stromal keratocytes and human corneal epithelial cells to determine optimal con- 
45 ceniratior Th to I wing examrles are based on the final formulation to illustrate the effect that the formulation had 
on these cell types. Once the optimum concentrations were derived in eel u'ture models s ti , , hen 

tested on human corneas. 

Example One 

50 

The Effects of A Defined Serumfree Medical Solution and Serum Containing Medium On Human Corneal 
Endothelial Cells 

[0017] _ _ umfree me- 

55 uiurn ill ii t 1 culture must si po- rums cc ea endofheli , g-owth eq r "E' supple 

mm.- t, " -L"3 ~ is = _ *ascondi e~ h In -tr-j „ -eru >-<- i -d -Il 1 - r i 1 
hum- 1 cc - I - l rr against ^ r t IE 1 ~ itaming 2 E FBS Z FB° 1 F" 

1 i l-GS, The ie _ r ^^j n a fj u g en icein A a i h 
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endothelial cells (HCE). Isolation techniques developed in our laboratory have enabled the establishment of primary 
and subsequent subcultures of human corneal endothelial cells. In vitro conditions maintain these rtuman corneal 
endothelial cells in a proliferative state, actively undergoing mitosis. Cell culture offers a model system in which these 
cells can be studied. A quant r of various test sc utions on 

the stimulation or inhibition of cell division of endothelial cells as measured by Calcein esterase quantitation. A fluor- 
cgenic Calcein AM bioassay was used to measure total esterase enzyme activity that is directly proportional to eel! 
number. A VVHcoxen Signed-Rank Test was used to evaluate statistical significance (p<0.05) between the test and 
control groups. This study was performed at Insight Biomed, Inc., Minneapolis, MN. 

Calcein AM Fluorescent Quantitative Bioassay 

[0018] Live cells are distinguished by the presence of ubiquitous intracellular esterase activity, determined by the 
enzymatic conversion of the virtually non-fluorescent cell permeant calcein AM to the intensely fluorescent calcein. 
The polyanionic caicein is well retained within live cells, producing an intense uniform green (530 r.m) fluorescence in 
live cells. 

Calcein AM (Non-Fluorescent) + Esterases = Calcein (Fluorescent Product) 

[001 9] Calceir , which is the esterase product of Calcein AM, is a polar fluorescein derivative that is better retained 
by viable cells and is 2.5 times brighter than BCECF. The excitation and emission maxima are 485 nm and 530 nm 
respectively. 

Human Corneal Endothelial Cell Cultures 

[0020] Ninety-six well tissue culture plates were seeded with 1 X10 3 cells/well in a final volume of 200 uJ of designated 
medium. Third passage HCE cells were maintained in a humidified incubator at 35.5°C in a 95% air: 5% C0 2 atmos- 
phere. After 1 day of incubation in CSM, supplemented with 10% fetal bovine serum, the medium was removed. The 
cells were then rinsed one time and incubated with the appropriate test or control solutions. HCE cells were incubated 
for 72 hours. At the end of each time interval, each well was then rinsed two times with 200 ul of Dutoecco's modified 
phosphate buffered saline. HCE cells were then incubated with 100 ul/well of 2 uM Calcein AM solution (Molecular 
Probes, Inc. Eugene, OR} and immediately read on a Millipore CytoFluor™ 2300 Fluorescence Measurement System. 
A 485/20 nm excitation wavelength and the 530/25 nm emission wavelength filter set (sensitivity 5) was used to measure 
the fluorescent product. A Wilcoxen Signed-Rank Test was used to evaluate statistical significance (p<0.05) between 
the test and control groups. 



Results 


Statistical Significance as cc.mc-orec to 2.5%!p<0.D5: 




RFU 








MEM 


2356 ± 96 


Yes 


.0022 


less than 


OPTISOL-GS 


23391 184 


Yes 


.0022 


less than 


Serumfree (Appendix I) 


4460 ± 205 


Yes 


.0022 


greater than 


Serumfree (Appendix I) 


4474+168 


Yes 


.0022 


greater than 


MEM 2.5% FBS 


3832 + 122 








MEM 5.0% FBS 


4554 ± 141 


Yes 


.0022 


greater than 


MEM 10% FBS 


5031 ± 163 


Yes 


.0022 


greater than 



Discussion 

[0021] This study was conducted to evaluate the defined serumfree medical solution (Appendix I) for human corneal 
endothelial celi growth against serumfree MEM, MEM containing 2.5% FBS, 5.0% FBS, 10% FBS and commercial 
Optisol-GS. The test solutions were evaluated in a fluorogenic Calcein AM bioassay with human corneal endothelial 
cells (HCE). A quantitative bioassay has been developed to determine the effects of various test solutions on the 
stimulation or inhibition of cell division of endothelial cells as measured by Calcein esterase quantitation. A fluorogenic 
Caicein AM bioassay was used to measure total esterase enzyme activity that is directly proportional to coll number. 
A Wilcoxen Signed-Rank Test was used to evaluate statistical significance (p<0.05) between the test and control 
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groups. 

[0022] Human corneal endothelial cells incubated with solutions MEM and Optisol GS exhibited a statistically signif- 
icant cecrease in total Calcein fluorescence as compared to the MEM 2.5% FBS control medium. Human corneal 
i ' r p i " I l e i - i ti i iy significant 

5 increase in total Calcein fluorescence as compared to the MEM 2.5% FBS control medium. Human corneal endothelial 
celis incubated with MEM 5.0% FBS and MEM 10.0% FBS exhibited a statistically significant increase in total Calcein 
fluorescence as compared to the MEM 2.5% FBS control medium. In conclusion from this data the defined serumfree 
medical solution (Appendix I) was capable of maintaining total Calcein fluorescence (total number of HCE cells) sta- 
tistically greater than MEM 2.5% FBS control medium. Therefore, this solution is acceptable for use in organ culture 

• o as a cornea! preservation solution for human corneal transplantation as defined by the parameters of this bioassay. 

Example Two 

A Comparative Study of A Serumfree Medical Solution and Standard MEM 2% FBS Medium With Human 
■'5 Corneas 

[0023] Human donor corneas were immersed in 1% povidone iodine in normal saline for three minutes, followed by 
a cne-minute immersion in normal saline. The globes were then rinsed with 12 cc of normal saline with a syringe fitted 
with a 18-gauge needle. Twenty paired corneas from donors unsuitable for transplantation because of age or cause 
of death were removed at a certified eye bank an average of 12.0 hours after death and placed in commercial Optisol- 
GS (Bausch and Lomb, Surgical) at 4°C. Donor globes were transported to the research lab. One of each pair was 
piaced into 100 ml of serumfree (Appendix i) medium. The paired cornea was placed in 50 ml of MEM, containing L- 
glutamine, h'EPES, penicillin , streptomycin, amphotercin B and 2% FBS. Corneas were suspended on a 4.0 silk suture. 
Each of the bottles containing the corneas were closed and kept at 35°C for 14 days. At this time, 10 pairs of corneas 

zs were removed and placed in appropriate fresh medium and stored for another 14 days. At the 14 day and 28 time 
points, corneas stored in serumfree (Appendix I) medium were then placed in commercial Optisol-GS at 35 = C for 24 
hours. The paired cornea stored in MEM 2% FBS were placed in MEM containing 6% T500 dextran at 35 : C for 24 
hours. Due to the increased hydration of the cornea at elevated temperatures, corneas needed to be thinned down by 
this procedure. Corneas were evaluated after thinning by the following methods. The corneal thickness was measured 

so by microscopic evaluation with a micrometer. The corneal endothelium was evaluated by staining with 0.1% trypan 
blue and alizarin red S after the final corneal thickness measurements were taken. Corneal thickness at the 14 day 
incubation period were .386 ± .049 mm and .479 ± 078 mm, respectively, for the serumfree (Appendix I) medium and 
MEM 2%. Corneas stored in the serumfree (Appendix I) medium demonstrated a statistically significant (p<.05) de- 
crease in corneal tnickness over corneas stored in the MEM 2% FBS medium. Corneas stored in the serumfree (Ap- 

35 pendix I) medium had endothelial cell counts of 271 6+ 71 2 cells/mm 2 as compared to 2573+753 cells/mm 2 for corneas 
stored in MEM 2% FBS. There was no statistical difference between these two groups with relation to endothelial cell 
counts. All endothelial cell monolayers were intact, with normal endothelial cell morphology for both the serumfree 
(Appendix I) medium and the MEM 2% FBS stored groups. Corneal epithelium was intact for both groups. Corneal 
thickness at the 28 day incubation period were .343 + .01 5 mm and .379 + 01 5 mm, respectively, for the serumfree 

40 (Appendix I) medium and MEM 2%, Corneas stored in the serumfree (Appendix I) medium demonstrated a statistically 
significant (p<.05) decrease in corneal thickness over corneas stored in the MEM 2% FBS medium. Corneas stored 
in the serumfree (Appendix I) medium had endothelial cell counts of 2451 ±617 cells/mm 2 as compared to 2422 = 570 
cells/mm 2 for corneas stored in MEM 2% FBS. There was no statistical difference between these two groups with 
relation to endothelial ceil counts. All endothelial cell monolayers were intact, with normal endothelial cell morphology 

*5 for both the serumfree (Appendix I) medium and the MEM 2% FBS stored groups. Corneal epithelium was intact for 
both groups. 

[0024] In conclusion, from the results of this comparative study, corneas stored for both 1 4 and 28 days in serumfree 
(Appendix I) medium were able to maintain viable corneal endothelium equal in performance to corneas stored in MEM 
2% FBS. This serumfree (Appendix I) medium was effective in maintaining normal corneal cell function and metabolism. 
so Therefore, this serumfree (Appendix I) medium is therefore, acceptable for use as an organ culture preservation me- 
dium. 

[0025] Various modifications can be made to the present invention without departing from the apparent scope hereof. 



Appendix 1, Defined Serumfree Medical Solution, is attached. 
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e defined l i 

a. an aqueous nutrient and electrolyte solution; 

b. a giycosaminoglycan; 

c. a deturgescent agent; 

d. an energy source; 

e. a buffer system; 

f. an antioxidant; 

g. membrane stabilizing agents; 

h. an antibiotic or antimycotic agent; 

i. ATP or energy precursors; 
j. nutrient ceil supplements; 

k. coenzymes and enzyme supplements; 

i. nucleotide precursors; 

m. ncrmonal supplements; 

n. non-essential amino acids; 

o. trace minerals and trace elements and 

p. growth factors (animal, animal recombinant, human recombinant or natural). 

The defined serumfree medical solution containing components which maintain and enhance the observation of 
eye tissues at low to physiological temperatures (2°C to 38°C) with a physiological pH consisting essentially of 



a. an aqueous nutrient ana electrolyte solution; 

b. a giycosaminoglycan; 

c. a deturgescent agent; 

d. an energy source; 

e. a buffer system; 

f. an antioxidant: 

g. membrane stabilizing agents; 

h. an antibiotic or antimycotic agent; 

i. ATP or energy precursors; 
i. nutrient cell supplements; 

k. coenzymes and enzyme supplements; 

I. nucleotide precursors; 

m. hormonal supplements: 

n. non-essentia! amino acids; 

o. trace minerals and trace elements and 

p. growth factors (animal, animal recombinant, human recombinant or natural). 

The defined serumfree medical solution containing components which maintain and enhance the preservation of 
eye tissues at low to physiological temperatures (16 C C to 38°C) with a physiological pH consisting essentially of 
effective amounts of: 



a. an aqueous nutrient and electrolyte solution; 

b. a giycosaminoglycan; 

c. a deturgescent agent; 

d. an energy source; 

e. a buffer system; 

f. an antioxidant; 

g. membrane stabilizing agents; 

h. an antibiotic or antimycotic agent; 

i. ATP cr energy precursors; 
I nutne tee suopler - its 

k. coenzymes and enzyme supplements; 
i. nucleotide precursors: 
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m. hormonal supplements; 

n. non-essential amino acids; 

o. trace minerals and trace elements and 

p. growth factors (animal, animal recombinant, human recombinant or natural), 
"he defined serumfree medical solution consisting essentially of effective amounts of: 

a. An aqueous nutrient and electrolyte solution selected from the group of: 

1. Minimal Essential Medium (MEM); 

2. TC199 medium and 

3. A combination of Minimal Essential Medium (MEM) and TC199 medium: 

b. A glycosaminoglycan in the range of .001 mg/ml to 1 .0 gram/ml selected from the group cf: 

1. chondroiiin sulfate; 

2. dermatin sulfate; 

3. heparin sulfate; 

4. heparan sulfate; 

5 keratan sulfate and 
6, hyaluronic acid; 

c. A deturgescent agent in the range of .001 mg/ml to 1.0 gram/ml selected from the group of: 

1. dextran; 

2. dextran sulfate; 

3. hydroxypropyimethyl cellulose; 

4. carboxymethylcellulose; 

5. cell gum; 

6. sodium alginate; 

7. albumin; 

8. hydroxyethyi starch; 

9. hydroxethyi cellulose; 

10. dextrose; 

11. glucose and 

12. cyclodextrin; 

d. An energy source in a range of .01 mM to 10 mM selected from the group of: 

1. glucose; 

2. pyruvate; 

4. fructose and 

5. dextrose; 

e. A buffer system in a range of .01 mM to 10 mM selected from the group of: 

1. sodium bicarbonate: 

2. sodium acetate; 

3. sodium citrate: 

4. socium phosphate and 

5. HEPES buffer; 

f. An antioxidant in a range of .001 ,uM to 10 mM selected from the group of: 

1. L-ascoroic acid; 

2. 2-nercaptoetha-iol; 

3. giutatnione; 
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4. afoha-focopncroi: 

5. alpha-tocopherol acetate; 

6. alpha-tocopherol phosphate and 



g. A membrane stabilizing component in a range of .001 pg/ml to 500 mg/ml selected from the grouf 

1 . vitamin A; 

2. vitamin 3; 

•° 3. retlnoic acid; 

4. trans-retinoic acid: 

5. retinal acetate; 

6. ethanclsmine: 

7. phosphoeihanolamine; 
'5 8. transferrin; 

9. lecithin; 

1 0. S-sitosterol and 

11. L-a-phosphatidy: ; choline; 

s ° h. An antibiotic an/or antimycotic in the range of .001 ug/ml to 100 mg/ml selected from the group of: 

I . gentamycin; 

3. neomycin; 
2= 4. vancomycin; 

5. obramycin; 

6. clindamycin; 

7. streptomycin; 

8. ievofloxacin; 
so 9. penicillin; 

10. cyclosporin; 

II. amphotericin B and 
12. nystatin; 

35 i. ATP or energy precursors in the range of .001 mM to 1 0 mM selected from the group of: 

1. adenosine; 

2. incsine; 

3. adenine; 

io 4. flavin adenine dinucieotide; 

5. uridine 5'-triphcsphate Na; 

6. 5' methyicytosine; 

7. SAIAD and 

8. S-NADP Na; 

45 

j. Nutrient cell supplements in a range of .001 uM to 10 mM selected from the group of: 

1. aiynyl-glutamine; 

2. giycyl-glutamine; 

so 3. L-amino-n-butyric acid; 

4. L-arginine; 

5. D-biotin: 

6. Betaine HCI; 

7. D-carnitine; 
5o 3. calcir'erol; 

9. carotene; 
1C. cholesterol; 

11. L-cyst!ne; 
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15. g-ucu-onato: 
5 16. D-Giucuronolactcne; 

17. L-hydroxyproline; 

1 8. hypoxanthine; 
' 9. L-inositol; 

20. Glycine; 
10 21. L-ornithine; 

22. L-prol:ne; 

24. myoinositol; 

25. Menaaione; 
« 26. iacin; 

27. nicotinic Acid; 

28. p-amino benzoic acid; 

29. D-Panthothenic Acid; 

30. pyridoxal-5-phosphate; 
20 31. pyridoxine HCI: 

32. taurine; 

33. thymidine; 

34. xanthine and 

35. Vitamin B12; 

25 

k. Coenzymes and enzyme supplements in a range of .001 uM to 10 mM selected from the croup of: 

1. acetyl Coenzyme A; 

2. cocarboxylase; 
30 3. coenzyme A; 

4. coenzyme 01 0 and 

5. coenzyme K; 

I. Nucleotide precursors in a range of .001 uM to 10 mM selected from the group of: 

35 

1. 2' Deoxyadenosine; 

2. 2' Deoxycytidine HCL; 

3. 2' Deoxyguanosine; 

4. 2-deoxy-D-ribose and 
J0 5. D-ribose; 

m. Hormonal supplements in a range of .001 pg/ml to 100 mg/ml selected from the group of: 

1. 8-eslradioi; 
« 2. progesterone; 

3. testosterone; 

4. Cortisol; 

5. Corticosterone: 

6. thyroxine: 

so 7. thyroid stimulating hormone and 

8. calcitonin; 

n. non-essential amine acids in the range of .001 jig/ml to 100 mg/ml selected from the g-oup of: 

55 1 . L-alanine; 

2. L-asparagino: 

3. L-asparti: a::;;: 
•i. L-giutsm c ac ':;: 
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6. L- proline and 



o. Trace minerals and trace elements in the range of .001 pg/ml to .100 mg/ml selected from the group of: 

1. CuSO 4 5H,0; 

2. ZnSO- 7H 2 0: 

3. Seleniie Na; 

4. Ferric citrate; 

5. MnSO, H 2 C; 

6. NaSI0 3 9H 2 0; 

7. molyodic acid: 

8. NH 4 V0 3 ; 

9. NiS0 4 6H 2 0; 

10. SnC! 2 : 

11. AgN0 3 ; 

12. Ba(C 2 H 3 02) 2 ; 

13. KBr: 

14. CdC! 2 ; 

15. CoCI 2 ; 

16. CrCI 3 ; 

17. NaF; 

18. Ge0 2 ; 

19. KL; 

20. RbCI arid 

21. ZrOCI 2 8H 2 0; 

p. Growth factors (animal, animal recombinant, human recombinant or natural) in the range of .001 pg/ml to . 
100 mg/ml selected from the group of: 

1. PDGF-BB; 

2. PDGF-AA; 

3. Nerve growth factor; 

4. Nerve growth factor B; 

5. Stem cell factor; 

6. Transforming growth factor-a; 

7. Transforming growth factor-B; 

8. Vascular endothelial growth factor; 

9. B-endothelial cell growth factor; 

10. Epidermal growth facto:; 

11. Epithelial neutrophil activating peptide; 

12. Heparin binding EGF-like growth factor; 

13. Fibroblastic growth factor-acidic; 

14. Fibroblastic growth factor-basic; 

15. IGF-I: 

16. IGF-II; 

17. Keratinocyte growth factor; 

18. PSateiet-derived endothelial cell growth factor 

19. Insulin and 

20. Hepatocyte growth factor 

The defined serumfree medical solution containing components which maintain and enhance the preservation of 
eye tissues at low to physiological temperatures (2°C to 38°C) with a physiological pH consisting essentially of 
effective amounts of: 

a. An aqueous nutrient and electrolyte solution selected from the group of: 
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Essential Medium (MEM); 
nedium and 

ination of Minima! Essential Medium (MEM) and TC199 medium; 
noglycan in the range of .001 mg/ml to 1 .0 gram/ml selected from the 



3. neparin sulfate; 

4. heparan sulfate; 

5 keratan sulfate and 
6. hyaluronic acid; 

c. A derurgoscent agent in the range of .001 mg/ml to 1.0 gram/ml selected from the group of: 

1 . dextran; 

2. dextran sulfate; 

3. hytiroxypropyimethyl cellulose; 

4. carbcxymethylcelluiose; 

5. cell gum; 

6. sodium alginate; 

7. albumin; 

5. hydroxyethyl sta-ch: 

9. hydroxethyl cellose; 

10. dextrose; 

11. glucose and 

12. cyclodextrin; 

d. An energy source in a range of .01 mM to 10 mM selected from the group or: 

1. glucose; 

2. pyruvate; 

3. sucrose; 

4. fructose and 

5. dextrose; 

e. A buffer system in a range of .01 mM to 10 mM selected from the group of: 

1. sodium bicarbonate: 

2. sodium acetate; 

3. sodium citrate; 

4. sodium phosphate and 

5. HEPES buffer; 

f. An antioxidant in a range of .001 uM to 10 mM selected from the group of: 

L-ascorbic acid: 

2. 2-mercaptoethanoi; 

3. glutathione; 

4. alpha-tccopheroi; 

5. alpha-tocophero! acetate; 

6. aipha-tocopherol phosphate and 

7. selenium; 

g. A membrane stabilizing component in a range of .001 pg/ml to 500 mg/ml selected from the group of: 

'I, vitamin A; 
2. vitamin B: 
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3. retr.oic acid: 

J. trans-retinoic acid; 

5. rotino' acetate: 

6. etha.nolanine: 

7. phosphoethanolamine; 

9. lecithin; 

10. B-siiostero! and 

11. L-a-phosphatidyl choline: 

h. An antibiotic an/or antimycotic in the range of .001 ug/ml to 100 mg/ml selected from the group of: 

1 . gentamycin: 

2. kanamycin; 

3. neomycin; 

4. vancomycin; 

5. tobramycin; 

6. clindamycin; 

7. streptomycin: 

9. penicillin; 

1 0. cyclosporin; 

11 . amphotericin B and 

12. nystatin; 

i. ATP or energy precursors in the range of .001 mM to 10 mM selected from the group of: 

1 . adenosine; 

2. inosine; 

3. adenine; 

4. flavin adenine dmucleotide; 

5. uridine 5'-triphospnate Na; 

6. 5' meihylcytosine; 

7. S-NAD and 



j. Nutrient cell supplements in a range of .001 uM to 10 mM selected from the group of: 

1. alynyl-glutamine; 

2. glycyl-glutarnine: 

3. L-amino-n-butyric acid; 

4. L-arginine; 

5. D-biotin: 

6. Beiaine HCI; 



35 



8. S-NADP Na: 



-5 



7. D-carnitine: 

8. calciferol: 

9. carotene: 

10. cholesterol; 
11 L-cystine; 

12. L-cystiene: 

13. L-giutamic acid: 

14. D-giucosamine: 

15. glucuronate; 

'6. D-Glucuronolactone; 
'7. ..-hydroxyproline: 
"S. hypoxanthine; 

19. L-inositcl: 

20. Glycine: 



so 



55 
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28. p-amino benzoic acid; 

29. O-Panthothenic Acid; 

30. pyridoxal-5-phosphate; 

31. pyridoxine HCI; 

32. taurine: 

33. Thymidine; 

34. xanthine and 

35. Vitamin B12; 

k. Coenzymes and enzyme supplements in a range of .001 aM to 10 mM selected from the group of: 

1. acetyl Coenzyme A; 

2. cocarboxylase; 

3. coenzyme A; 

4. coenzyme Q10 and 

5. coenzyme K; 

I. Nucleotide precursors in a range of .001 uM to 10 mM selected from the group of; 

1 . 2' Deoxyadenosine; 

2. 2' Decxycytidine HCL; 

3. 2' Deoxyguanosine; 

4. 2-deoxy-D-ribose and 

5. D-ribose: 

m. Hormonal supplements in a range of .001 pg/ml to .100 mg/ml selected from the group of: 

1 . S-estradiol; 

2. progesterone; 

3. testosterone; 

4. Cortisol; 

5. Corticosterone; 

6. thyroxine; 

7. thyroid stimulating hormone and 

8. calcitonin; 

n. non-essential amino acids in the range of .001 u.g/ml to 100 mg/ml selectee from the group of: 

1. L-a'anine; 

2. L-asparagine; 

3. L-aspartic acid; 

4. L-giutamic acid; 

5. glycine; 

6. L- proline and 

7. L-serine; 

o. Trace minerals and trace elements in the range of .001 pg/ml to .100 mg/ml selected from the group of: 

1. CuSO 4 5H 2 0; 

2. ZnSO, 7H 2 0: 

3. Selenite l\a: 
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4. Ferae citrate: 

5. MnSO. H 2 0; 

6. NaSI0 3 9H 2 0; 

7. molybdic acid; 

8. NH 4 V0 3 ; 

9. NiSO„ 6H 2 0; 

10. SnC ,; 

11. AgN0 3 ; 

12. 3a(C 2 H 3 02) 2 ; 

13. KBr; 

14. CdCi 2 ; 

1 5. CoCl 2 ; 

16. CrCk 

17. Napf 

18. GeG>: 

19. KL; 

20. RbCI and 

21. ZrOC! 2 8H 2 0; 

a. Growth factors • anhia:. anirrni -ocomb ran!. -t;rrun rccoir-binnnt or r-ax-al) in the 'anga cf .CC1 pg/rr.l to . 
100 mg/ml selected from the group of: 

1. PDGF-BB; 

2. PDGP-AA; 

3. Nerve growth factor; 

4. Nerve growth factor B; 

5. Stem cell factor; 

6. Transforming growth factor-a; 

7. Transforming growth factor-B; 

8. Vascular endothelial growth factor; 

9. B-endothe!ial cell growth factor; 

1 0. Epidermal growth factor; 

11. Epithelial neutrophil activating peptide; 

12. Heparin binding EGF-I.'ke growth factor; 

13. Fibroblastic growth factor-acidic; 

14. Fibroblastic growth factor-basic; 

15. IGF-I; 

16. IGF-II: 

17. Keratinocyte growth factor 

1 8. Platelet-derived endothelial cell growth factor 

19. Insulin and 

20. Hepatocyte growth factor 

The defined serumfree medical solution containing components which maintain and enhance the preservation of 
eye tissues at iow tc physiological temperatures (16°C to 38°C) with a physiological pH consisting essentially of 
effective amounts of: 

a. An aqueous nutrient and electrolyte solution selected from the group of: 

1 . Minimal Essential Medium (MEM); 

2. TC199 medium and 

3. A combination of Minimal Essential Medium (MEM) and TC199 medium; 

b. A glycosaminoglycan in the range of .001 mg/ml to 1.0 gram/ml selected from the group of: 

1. chordroitir: sulfate; 

2. dermatin sulfate; 

3. neparin sulfate: 
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5 keratan sulfate and 
6. hyaluronic sc«o: 

c. A deturgescent agent in the range of .001 mg/ml to 1.0 gram/ml selected from the group of: 

1 . c'exiran; 

2. dextran sulfate; 

3. hydroxypropylmethyl cellulose; 

4. carboxymethylcellulose; 

5. ceil gum; 

6. sodium alginate; 

7. albumin; 

8. hydroxyethyl starch; 

9. hydroxethyl ceilose; 

10. dextrose; 

11. glucose and 

12. cyciodextrin; 

d. An energy source in a range of .01 mM to 10 mM selected from the group of; 

1. glucose; 

2. pyruvate; 

3. sucrose; 

4. fructose and 

5. dextrose; 

e. A buffer system in a range of .01 mM to 10 mM selected from the group of: 

1. sodium bicarbonate; 

2. sodium acetate; 

3. sodium citrate; 

4. sodium phosphate and 

5. HEPES buffer; 

f. An antioxidant in a range of .001 uM to 10 mM selected from the group of: 

1 . L-ascorbic acid; 

2. 2-mercaptoethanol; 

3. glutathione; 

4. alpha-tocopherol; 

5. alp!ia-t«xrjplisj-ol acetate: 

6. alpha-tocopherol phosphate and 

7. selenium; 

g. A membrane stabilizing component in a range of .001 pg/ml to 500 mg/ml selected from the group of: 

1 . vitamin A: 

2. vitamin 5; 

3. 'etinoic acid; 

4. ira'is-retinoic aoid; 

5. retinol acetate; 
-3. ethanolamine; 

7. phosphoethanolamlne; 

8. transferrin; 

9. lecithin; 

1C. B-sitosterol and 

11. L-a-phosphatidyl choline; 
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mtibiotic an/or antlmycotic in the range of .001 ug/ml to 100 mg/ml selected from the group of: 




10. cyclosporin; 

11 . amphotericin B and 

12. nystatin; 

i. ATP or energy precursors in the range of .001 mM to 10 mM selected from the group of: 

1. adenosine; 

2. inosine; 
20 3. adenine; 

4. flavin adenine dinucleotide; 

5. uridine 5'-triphosphate Na; 
5. 5' methylcytosine; 

7. 6-NAD and 
25 8. B-NADP Na; 

j. Nutrient ceil supplements in a range of .001 u.M to 10 mM selected from the group of: 

1. alynyl-glutamine; 
30 2. giycyi-giutamine; 

3. L-amino-n-butyric acid; 

4. L-arginine; 

5. D-biotin; 

6. Betaine HCI; 
35 7. D-carnitine; 

8. calciferol; 

9. carotene; 

10. cholesterol; 
11 L-cystine; 

40 12. L-cystiene; 

13. (.-glutamic acid; 

14. D-gluco&&niiitj; 

15. glucuronate; 

■6. D-Glucuronolactone; 
J : 17. L-hydroxyproline; 

1 8. hypoxanthine; 

19. L-:nositoi: 

20. Glycine; 

21. L-orni;hine; 
so 22. L-proline; 

23. L-serine: 

24. myo-inositol; 

25. Menadione: 

26. niacin; 

55 27. nicotinic Acid; 

28. p-amino benzoic acid; 

29. D-PanthothenicAcid; 

30. pyridoxal-5-phosphate; 
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31. pyridoxine HCI; 

33. thymidine; 

34. xanthine and 



k. Coenzymes and enzyme supplements in a range of .001 uM to 10 mM selected from the group of: 

3. coenzyme A; 

4. coenzyme Q1C and 

5. coenzyme K; 

I. Nucleotide precursors in a range of .001 uM to 10 mM selected from the group of: 

1 . 2' Deoxyadenosine; 

2. 2' Deoxycytidine HCL; 

3. 2' Deoxyguanosine; 

4. 2-deoxy-D-ribose and 

5. D-ribose; 

m. Hormonal supplements in a range of .001 pg/ml to .100 mg/ml selected from the group of: 

1 . 3-estradiol; 

2. progesterone; 

3. testosterone; 

4. Cortisol; 

5. Corticcsterone; 

6. thyroxine; 

7. thyroid stimulating hormone and 

8. calcitonin; 

n. non-essential amino acids in the range of .001 ug/ml to 100 mg/ml selected from the group of: 

1 . L-alanine; 

2. L-asparagine; 

3. L-aspartic acid; 

4. L-g jtamic acid: 

5. glycine; 

6. L- proline and 

7. L-serine; 

o. Trace minerals and trace elements in the range of .001 pg/ml to .100 mg/ml selected from the group 

1. CuSO. 5H 2 0; 

2. ZnS0 4 7HoO; 

3. Selenite Na; 

4. Ferric citrate; 

5. MnS0 4 H,0: 

6. NaSiO; 9H,0: 

7. moiybdic acid; 

8. NH 4 V0 3 ; 

9. NiS0 4 6H,0: 

10. SnCI 2 ; 

11. AqN0 3 : 

12. Ba(C 2 H 3 02) c> ; 

13. KBr." 
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;4, CdClj: 

15. CoCI 2 ; 

16. CrCi ; .; 

17. NaF: 

13. GeO,: 

19. KL; ~ 

20. RbCI and 

21. ZrOCI 2 8H 2 0; 

10 P- Growth factoi-s (animal, animal recombinant, human recombinant or natural) in the range of .001 pg/rr 

100 rrg/ml selected from the group of: 

1. PDGF-BB; 

2. PDGF-AA; 

3. Nerve growth factor; 

4. Nerve growth factor B; 

5. Stem cell factor; 

6. Transforming growth factor-u; 

7. Transforming growth factor-B; 

20 8. Vascular endothelial growth factor; 

9. B-endothelial cell growth factor; 

10. Epidermal growth factor; 

11. Epithelial neutrophil activating peptide; 

12. heparin binding EGF-like growth factor; 
25 13. Fibroblastic growth factor-acidic; 

14. Fibroblastic growth factor-basic; 

15. IGF-!; 

16. IGF-II; 

17. Kera-inocyte growth factor; 

30 18. Platelet-derived endothelial cell growth factor 

19. Insulin and 

20. Hepatocyte growih factor. 

7. The defined serumfree medical solution consisting essentially of effective amounts of: 

35 

a. an aqueous nutrient and electrolyte solution; 

b. a giycosaminoglycan; 

c. a deturgescent agent; 

d. an energy source: 
to e. a buffer system; 

f. an antioxidant; 

g. nr-embrane stabilising agents: 

h. an antibiotic or artimycotic agent: 

i. A~P or energy precursors: 
J 5 j. nutrient cell supplements; 

k. coenzymes and enzyme supplements; 
I. nucleotide precursors; 
m. hormonal supplements: 
p. non-essential amino acids and 
so o. trace minerals and trace elements. 

8. The defined serumfree medical solution consisting essentially of effective amounts of: 

a. An aqueous nutrient and electrolyte solution selected from the group of: 

-5 

1. Minimal Essential Medium (MEM); 

2. "C199 medium and 

3. A combination of Minimal Essential Medium (MEM) and TC199 medium; 
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b. A glycosaminoglycan in the range of .001 mg/rrtl to 1.0 gram/ml selected from the group of: 

5 . chonc'rci:in sulfate; 

2. dermatin sulfate; 

3. heparin sulfate; 

4. heparan sulfate: 

5 keratan sulfate and 

6. hyaluronic acid; 

c. A deturgescent agent in the range of .001 mg/ml to 1.0 gram/ml selected from the group of: 




3. hydroxypropyimethy! cellulose; 

4. carboxymethylcellulose; 

5. eel! gum: 

6. sodium alginate; 

7. albumin: 

8. hycroxyethyi starch: 

9. hydrcxethyl celiose; 

10. dextrose: 

11. glucose and 

12. cyclodextrin; 

d. An energy source in a range of .01 mM to 10 mM selected from the group of: 

1. glucose; 

2. pyruvate; 

3. sucrose; 

4. fructose and 

5. dextrose; 

e. A buffer system in a range of .01 mM to 10 mM selected from the group of: 

1 . sodium bicarbonate; 

2. sodium acetate: 

3. sodium citrate; 

4. sodium phosphate and 

5. HEPES buffer; 

f. An antioxidant in a range of .001 uM to 10 mM selected from the group of: 

1 . L-ascorbic acid; 

2. 2-mercaptoethanol; 

3. glutathione; 

4. alpha-tocopherol; 

5. alpha-tocopherol acetate; 

6. alpha-tocopherol phosphate and 

7. selen urn; 

g. A membrane stabilizing component in a range of .001 pg/ml to 500 mg/ml selected from the group of: 

1 . vitamin A: 

2. vitamin 3; 

3. retinoic acid; 

4. trans-retinoic acid; 

5. retinol acetate; 
5. ethanoL'Tine: 
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7. phosphoethanolamine; 
3. transferrin; 

9. lecithin; 

10. B-si:ostero; and 

5 11 . L-a-phosphatidyl choline; 

h. An antibiotic an/or antirnycotic in the range of .001 ug/ml to 100 mg/ml selected from the group of: 

1. gentamycin; 
'0 2. kanamycin; 

3. neomycin; 

4. vancomycin; 

5. tobramycin; 

6. clindamycin; 
15 7. streptomycin; 

8. levofloxacin; 

9. penicillin; 

10. cyclosporin: 

11. amphotericin B and 
20 12. nystatin: 

i. ATP cr energy precursors in the range of .001 mM to 10 mM selected from the group of: 

1. adenosine; 
25 2. inosine; 

3. adenine; 

4. flavin adenine dinucleotide; 
3. uridine 5'-triphosphate Na; 

6. 5' methylcytosine; 
30 7. 6-NAD and 

8. S-NADPNa; 

j. Nutrient cell supplements in a range of .001 uM to 10 mM selected from the group of: 

55 1. alynyl-glutamine; 

2. glycyl-giutamine; 

3. L-amino-n-butyric acid; 

4. L-arginine; 

5. D-biotin; 

« 6. Botaine HCi; 

7. D-carnitine; 

8. calciferol; 

9. carotene; 
"0. cholesterol; 

j s 11 L-cystine; 

12. L-cystiene; 

13. L-gijtamic acid; 
H. D-glucosamine; 
15. giucuronate; 

50 16. D-Glucuronolactone; 

17. L-hydroxyproline; 

18. hypoxanthine; 

19. L-inositol; 

20. Glycine; 

55 21. L-ornithine; 

22. L-proline; 

23. --serine; 

24. myo-inositol; 
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25. fv'enacione: 

27. n cotiric Ac o: 

28. p-amino benzoic acid; 

29. D-Ponthothenic Acid; 

30. pyrldoxal-5-phosphate; 

31. pyridoxine HCi; 

32. taurine; 

33. thymid : ne; 

34. xanthine and 

35. Vitamin 312; 

k. Coenzymes and enzyme supplements in a range of .001 ,uM to 10 mM selected from the group of: 

1 . acetyl Coenzyme A; 

2. Decarboxylase: 

3. coenzyme A; 

4. coenzyme 01 0 and 

5. coenzyme K; 

I. Nucleotide precursors in a range of .001 uM to 10 mM selected from the group of: 

1 . 2' Deoxyadenosine; 

2. 2' Deoxycytidine HCL: 

3. 2 Deoxyguanosine; 

4. 2-decxy-O-ribose and 

5. D-ribose; 

m. Hormonal supplements in a range of .001 pg/ml to .100 mg/ml selected from the group of: 

1. 5-estradiol; 

2. progesterone; 

3. testosterone; 

4. Cortisol; 

5. Corticosterone; 

6. thyroxine; 

7. thyroid stimulating hormone and 

8. calcitonin; 

n. non-essentiai amino acids in the range of .001 ug/ml to 100 mg/ml seleoled from the group of: 

1. L-aianine; 

2. L-asparagine; 

3. L-aspartic acid; 

4. L-glutamic acid; 

5. glycine; 

6. L- proline and 

7. L-serine; 

o. Trace minerals and trace elements in the range of .001 pg/ml to .100 mg/ml selected from the group of: 

1. CuSO, 5H-0; 

2. ZnS0 4 7H-~0: 

3. Selenite Na; 

4. Ferric cit-ate; 

5. f7rS0 4 4,0; 

6. NaSI0 3 9H,0 

7. molybdic ac ; c: 



EP 1 000 541 A1 



8. NH,VO,: 

9. Nisb. 6H P 0; 

10. SnCk 

11. AgN0 3 : 

12. Ba(C 2 H 3 02) 2 ; 

13. KBr; 

14. CdCI 2 ; 

15. CoCI 2 ; 

16. CrCI 3 " 

17. KaF: 

18. Ge0 2 ; 

19. KL; 

20. RbCI and 

21. ZrOC 12 8K 2 0. 

9. The defined serumfree medical solution consisting essentially of one or more effective amounts of: 

a. an aqueous nutrient and electrolyte solution; 

b. a glycosaminoglycan; 

c. a deturgescent agent; 

d. an energy source; 

e. a buffer system; 

f. an antioxidant; 

g. membrane stabilizing agents; 

h. an antibiotic or antimycotic agent; 

i. ATP or energy precursors; 
j. nutrient eel! supplements; 

k. coenzymes and enzyme supplements; 

I. nucleotide precursors; 

m. hormonal supplements; 

n. non-essential amino acids; 

o. trace minerals and trace elements and 

p. growth factors (animal, animal recombinant, human recombinant or natural). 

10. A pharmaceutical composition of claim 9 wherein said solution maintains and enhances the preservation of mam- 
malian eye tissues after coming into contact with said solution. 

11. A pharmaceutical composition of claim 9 wherein said solution maintains and enhances the preservation of mam- 
malian eye tissues after coming into contact with said solution before or after surgical use of a laser. 

12. A pharmaceutical composition of claim 9 wherein said solution maintains and enhances the preservation of mam- 
malian eye tissues after coming into contact with said solution before or after degenerative eye conditions. 

13. A pharmaceutical composition of claim 9 wherein said solution maintains and enhances the preservation of mam- 
malian eye tissues after coming into contact with said solution before or after surgery. 

14. A pharmaceutical composition of claim 9 wherein said solution maintains and enhances the preservation of mam- 
ma ian tissues after coming into contact with said solution. 

15. A method of treating an eye tissue for use in eye surgery, characterised in that it comprises keeping the tissue in 
contact with a solution as claimed in any of the preceding claims in the period elapsing between removing the 
tissue from a donor and implanting in into a recipient. 



EP 1 000 541 A1 



FIGURE 1 



The Effects of Serum and Serumfree Media 
on Human Corneal Endothelial Cells 

72 Hours Incubation at 35.5°C Calcein AM Bloassay 
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Test Samples 
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